Market gardening, in the swampy lowlands of the Dschang city, plays an important role in terms of providing employment, and supply the city with fresh products. However, waterborne diseases, which occur in the city, are both attributed to the bad quality of drinking water and sanitation practices. This work aims to characterize watering waters of crop, to assess the health risks associated with the use of these waters. Water from eleven streams and five wells used to irrigate crops were sampled and analyzed once a week for a month. Analyses focused on physico-chemical parameters (temperature, suspended matter, pH, electrical conductivity, COD, BOD 5 , 3 NO  , Al, Fe, Cu, Ni), parasitological (helminthes eggs) and bacteriological (total coliforms, fecal coliforms, fecal streptococcus). The results show that, the physico-chemical quality of well waters generally approaches the WHO standards of crop watering water. The physico-chemical of streams waters and bacteriological quality of wells and streams waters are bad, according to WHO guide. These bad quality waters could contaminate crops, some of which are eaten raw, which is surely a cause of the outbreak of waterborne diseases in the city. The waters from streams are more affected. The pretreatment of the water before use for irrigation of vegetables is highly recommended.
Introduction
Dschang is an university town with rapid demographic growth. This town covers a surface area of more than 1300 hectares, with an estimated population of about 109,556 in habitants [1] . There are many swampy areas in this town which are valorized by the poor for dwelling in one hand and for market gardening in the other hand [2, 3] . More than 10 hectares of land are cultivated in these swamps. The most highly produced vegetable include; huckle berry, tomatoes, celery, green pepper, basil, parsley, garden eggs (African aubergine), cabbage, lettuce, green-beans, leeks and carrots. About 96% of these plants are grown by watering while 4% are irrigated in the dry season. This market gardening activity is in rapid expansion within this town, and plays a vital role in the supply of the town with cheap and fresh products. This activity also provides employment for many families generally living under conditions of extreme poverty.
However, the water used for watering of these crops even those likely to be consumed raw is of doubtful qualities, where these harvest crops are sold directly to the city dwellers. The town does not have any wastewater treatment unit, so the streams receive all sorts of wastewaters originating from the city. According to an investigation carried in Dschang, about 10% of water used for watering comes from wells and 90% from untreated water of streams. Some latrines and septic tanks located along these streams are designed in a manner that their contents are emptied directly into these streams. During the rainy season, the water table rises causing floods on the cultivable lands and affecting the physical environment of wells. However, pathogenic microorganisms and chemical compounds present in the flooded waters used for watering can be a source of chemical and micro-biological contamination of the crops, and consequently harmful to the health of the consumers [4] . The potential risks of using untreated wastewater for agriculture were already highlighted [5] [6] [7] . Cholera, typhoid fever and paratyphoid epidemics already observed in Dakar and Kampala for example are allotted to the bad quality of water used in watering of crops [8] . The diagnosis made by UN-habitat [9] ) and Boon [10] in Dschang proofed some cases of typhoid fever, intestinal parasites and diarrhea as recurrent diseases in the city (19% of 8000 patients listed in 2008). An increasing accusing finger is being pointer to the source of water used in watering vegetables. In addition to poor quality of drinking water, these diseases can also originate from improper hygiene and, consumption of fresh food products soiled by pathogenic micro-organisms. The quality of some water points intended for human consumption in Dschang town is well known [10] [11] [12] [13] . Unfortunately, no data is available in regard to the composition and quality of water used in watering the crops. This study is aimed to fill this gap. It is based on the evaluation of sanitary risks related to the use of watering water, provision of helpful elements for decision making so as to ensure a market gardening without risk in Dschang town. Figure 1 presents the localization of Dschang town in West Cameroun. It also presents the principal sampling points (D). In all, 16 water points used for watering of crops, 5 wells and 11 streams were selected on 10 principal market gardening sites of the town (Fiala-Foto, Tapalé, Tsinkop, Tsenfem, Ngui, Minghong, Tchoualé, Vallée, Administratif, Fiala-Foréké).
Materials and Methods

Water Collection Points
Water Collection and Analysis
The water of each point was collected once a week throughout the month of February, that is mid dry season. This month corresponds to the period where there is high watering of crops.
The pH, electrical conductivity (EC), and the temperature (T˚C) of each sample were measured in situ; the pH was taken with the aid of portable pH-meter VARIO of VWR; electrical conductivity and temperature were done with the use of a conducting meter WTW LF 318. The suspended matter (SM) was obtained after filtration and reading was done with the aid of a spectrophotometer. To quantify heavy metal and evaluate proportions of major elements (NO 3 , Al, Ni, Fe, Cu), one made used of a Reflectometer RQ flex Plus 10 of Merk trade mark, using strips. The determination of chemical oxygen demand (COD) was done by colorimetry, this method combined digestion of organic matter at 150˚C in a COD engine and the readings were done with a DR 2500-Hach spectrophotometer. BOD 5 was measured using the respirometric method by means of a BOD Track TM hach analyzer.
Biological indicators of fecal contamination and presence of helminthes eggs were retained from the study. The Mac Conkey medium was used for the identification of the fecal coliforms; the Bile Esculine medium for the identification of fecal streptococcus and, Agar Lactose with TTC and Tergitol 7 medium for the isolation and identification of total coliforms. Bacteriological analysis was done using the filter membrane technique. Helminthes eggs were detected under the optical microscope using an identification board. After having filtered two liters of a sample through a 0.45 µm filter; the filter was rinsed in 10 ml with distilled water, then a µl was built on the plate/slide and observe under the microscope at 40× magnification. Counting was not done.
Data Analyses
Adopted statistical methods used in the treatment of obtained results were based on simple descriptive statistical analyses. Variance analysis (ANOVA) was used to compare means. These means were compared using the smallest significance difference method (5%). Calculations were carried out with the use of SPSS 10 for Windows and Excel. Tables 1 and 2 present the values of physico-chemical variables of water from streams and wells respectively at various collecting points. Still in Table 1 , one sees some directives of physico-chemical quality.
Results and Discussion
Physico-Chemical Quality of Watering Waters
Cameroon does not have directive on composition of water used in watering crops. The temperature of the streams significantly varies from one stream to another (p0.01). It varies between 21.3˚C and 24.3˚C in stream and between 20.5˚C and 22.8˚C in the wells. Collected data in the entirety of analyzed samples had a temperature of less than 35˚C, which is considered as an indicative limiting value for water set aside for the watering of crops [15, 16] .
The pH of water from streams is almost neutral or slightly acidic. pH range is common to several surface waters used for irrigation in Africa [16] [17] [18] . On the other hand, well water has an acidic pH, this inappropriate for watering of crops and irrigation. Electrical conductivity varies from one water point to the other (p0.01), either between a stream and well. Stream water presents an electrical conductivity between 44 and 209 µS/cm, wheeas that of wells has an electrical conductivity varying r between 95 and 346 µS/cm. These values fulfill the requirements of good irrigation water quality [19] . The low values of electrical conductivity show that this water is slightly mineralized and cannot in an adequate way play the role of fertilizer as sought by their use.
The quantities of suspended materials present in Tsinkop, Tapalé, Minghong, Vallée and Tchoualé streams do not fulfill the norms of water destined for irrigation. The presence of enormous quantities of suspended materials from these streams leads to soil pores blockage thus 5 values that do not fulfill the norms set aside for water quality destined for watering of crops. For the stream of Tsinkop and Tapalé, the contents of COD are higher than the threshold limit of 90 mg/l. On the other hand, all wells have a suitable COD for the watering of crops. But for irrigation water, the high concentration of organic matter constitutes a significant contribution of soil structuring elements dur-ing irrigation. Suspended matter, BOD 5 and electrical conductivity of water samples are higher than the stan-dards, but remain lower than the values recorded in sev-eral effluents used for irrigation in Sebou and Meknes basins of Morocco and of Dakar in Senegal [7, [16] [17] [18] .
In all analyzed water samples, nitrate content present very significant differences (p ˂ 0.01) between the upshifted points. Wells present high nitrate concentration reaching 76 mg/l. These nitrates originate from massive use of nitrogenous fertilizers which is a reality in this location [12, 13] . All the streams have suitable nitrates content for irrigation. Most heavy metals content were below detection limit. Apart Tsenfem and Fiala b streams, we noticed that Ni and Cu had no acceptable contents. Conclusively, in the physico-chemical field, well waters although not respecting the standard norms is more favorable for watering of crops than water from streams.
Bacteriological Quality of Water for Watering
Abundances of the total coliforms in the wells vary between 10 8 and 5 × 10 8 UFC/100 ml, those of the fecal coliforms between 9.2 × 10 5 and 3.2 × 10 6 UFC/100ml, and those of fecal streptococcus between 6.8 × 10 6 and 1.4 × 10 7 UFC/100ml (Figure 2) . Well water proves to be less polluted than stream waters in the bacteriological plan. For all the types of bacteria, this difference is significant (p < 0.05). The presence of ascaris eggs was detected in all the streams and well of Tsenfem. The micro-biological follow-up of watering water of the Dschang town shows that all the water used for crops watering in this city has bacterial load which highly exceeds by far the limits fixed by WHO for the irrigation. The presence of the biological indicators of fecal contamination translates a high probability of simultaneous presence of the pathogenic germs of fecal origin [20] .
WHO fixes at 1000 UFC/100ml the quantity of bacteria (total coliforms, fecal coliforms and fecal streptococcus) acceptable for water intended for irrigation, and less than one egg of helminthes/liter [19] . Abundances of the total coliforms, fecal coliforms, and fecal streptococcus, in well water, are 900 to 500,000 times higher than the standard. In the stream, these abundances are 4500 to 2,200,000 times higher than the standards. This high bacteriological load in watering water of the town of Dschang leads us to question on the cases of typhoid, intestinal parasites and diarrhea, recurring in this city. Indeed, the diagnosis of UN-Habitat [9] and work of Boon [10] in Dschang proved these diseases as the recurring Copyright © 2012 SciRes. JEP diseases in the city. These values are of the same order of magnitude as those generally found in the effluents and wells water used for the irrigation in Ghana, Senegal, Morocco, Benin, and Kenya [6, [16] [17] [18] 21] . But the bacterial load of watering water in Dschang are slightly weaker; this could be due to the fact that Dschang is a small city; the indicating bacteria of fecal contamination present in watering water come exclusively from the waste water produced in household, from not very tight latrines and septic tanks, or from the defecation of the animals raised in the house yards. Fiala-Foto is the centre town upstream that is not very influenced by the urban activities. But strong concentrations in coliforms and fecal streptococcus were also obtained in this water. The Fiala b stream, coming from Bafou village (out of the urban influence), showed a bacteriological pollution higher than the Fiala c stream coming from the village Johny Baleng. Bafou is an agricultural zone; the ox herds and other herbivores (sheep and goats) come to water themselves in this water and can defecate on their passage. Water pollution of the sampled wells would be in relation to the physical environment of the latter. These wells whose water is used in watering of crops are localized in the marshy hollows; they are not very deep (less than two meters), and are often located close to the latrines. During the rainy periods, they are often invaded by floodwater.
Under these conditions, it appears that certain cases of gastro-intestinal infections and other water borne diseases, from which the population suffers in Dschang town, are certainly in connection with the consumption of fresh products contaminated by watering water. The presence in this water of high concentrations of bacteria from fecal contamination makes it possible to consider the infections of bacterial origin in enterotoxic Escherichia coli (gastro-enteritises), Salmonella dysenteriesetc, or of parasitic origin. Indeed, in Mexico, most of farmers and their children, working in irrigated fields with untreated sewage effluent, showed a greater prevalence of infection than the general population [22] . The rate of infection decreased with waste processing. The high presence of the indicating bacteria of fecal pollution in irrigation water is discussed in the epidemiologic studies as being associated at the great risk to contract gastro-intestinal and respiratory diseases [22] . The swamps of the Dschang town are exploited in the dry season than in rainy season. For these periods indeed, streams regularly floods through cultivated hollows. Many studies [16, 17, 23] have showed that the bacteriological level of contamination of water and harvests is higher in the rainy season than in the dry season.
Conclusion
Through their bacteriological and physico-chemical quality, watering water of crops of the Dschang town does not meet up with the standards of WHO. Certain cases of waterborne diseases which the population suffers in this city are most probably related to the bad quality of watering water of vegetables, and particularly when they are consumed raw. The short-term risks of bacteriological origin are more manifested than those which would be in connection with physico-chemical quality. The swamps are requested especially for the availability of water, and it appears clear that the prohibition of the use of this water would certainly not be the most suitable solution. In order to promote market gardening in Dschang town, taking into account the interest of this activity, a preliminary treatment of the water used for the watering of the crops proves to be necessary. The cultivation crops and produce to be consumed only after cooking could also be an alternative solution. Sensitization of the market-gardeners on the sanitary risks related to the use of wastewater used in agriculture is also to be taken in account.
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